Cancer is one of the most dreadful diseases engulfing mankind with the toll of life being taken away. Researchers always focus on traditional medicines to overcome such diseases because of the side effects and high cost of synthetic drugs making it inaccessible especially for inhabitants of developing countries. Isodon is a genus well established in Chinese folk medicines and have reported activities of anticancer effect with low toxicity due to the presence of biologically active diterpenoids. Thus, a study on the anticancer potential of Isodon coetsa was conducted using cytotoxic and cell viability assays which included Allium cepa assay, Evans blue staining and Trypan blue exclusion assay. A. cepa assay revealed the cytotoxic activity of I. coetsa which increased with increasing concentrations and time durations. Evans blue staining of the methanolic extract treated A. cepa root meristems also showed increase in activity in dose dependent manner which confirmed the ability of plant extracts to induce cell death. Cell viability assays conducted against methanolic extract treated DLA and EAC cell lines also revealed cytotoxic activity which also increased with increase in concentration of the extract. The IC50 value of the extract was found to be 1.21 ± 0.02 mg/mL against DLA cell line and 1.36 ± 0.01 mg/mL against EAC cell line. The results obtained establish the ability of I. coetsa to induce cell death in dividing cells which is an essential phenomenon in anticancer therapy. The assays conducted thus affirm the use of the species in folk medicines as well as makes it a promising candidate in anticancer research.
Introduction
Cancer is one of the leading cause of death in developing countries and the second leading cause of death in developed countries (WHO 2008) . Cancer treatments involve surgery, radiation therapy, chemotherapy and immunotherapy (DeVita and Rosenberg 2012) but are not effective due to the development of side effects as well as resistance against drugs. Apart from this, the high cost of drugs also restrains its extensive application. Thus, the search for drugs which are less prone to side effects, resistance development and are cost effective is the prime focus of biomedical researchers. This is greatly assisted by the herbal remedies used in traditional medicines which are a forerunner in the path of Isodon (Schrad. ex Benth.) Spach (Lamiaceae) is a genus extensively used in Chinese folk medicines and has a long tradition in treatment against various ailments including respiratory and gastrointestinal bacterial infections, inflammation and cancer (Sun et al., 2006) . The biological activities are due to the presence of abundant diterpenoids which makes the genus an important candidate in anticancer research. Hence, Isodon coetsa (Buch.-Ham. ex D. Don) Kudô was subjected to cytotoxic and cell viability assays to determine the anticancer potential of the species as well as to validate its use in folk medicines.
Materials and methods

Plant material and extraction
Isodon coetsa is abundantly found in Munnar in the Idukki district of Kerala was collected and identified taxonomically. The aerial parts were shade dried and stored for extract preparation and further studies. Fresh aqueous extract was prepared at varying concentrations and subjected to cytotoxicity assays while methanolic extract was prepared using Soxhlet apparatus and cell viability assays were conducted.
Allium cepa assay
Fresh aqueous extract was prepared at varying concentrations of 0.1%, 0.05%, 0.01%, and 0.005% for cytotoxicity assays. Germinated bulbs were collected after treatment with the extract at peak mitotic period and fixed in modified Carnoy's fluid. The root tips thus obtained were subjected to mitotic squash preparation with the help of improved techniques (Sharma and Sharma 1990) followed by hydrolysis in 1N HCl and staining with 2% aceto-carmine. Mitotic index and abnormality percentage were calculated by scoring the mitotic cells and aberrant cells which determined the cytotoxic activity of the extract.
Evans blue staining
Methanolic extract obtained was dissolved in distilled water for the preparation of a concentration range of 10-40 mg/ml samples and was subjected to cell death analysis. The extract treated roots of A. cepa was stained in aqueous solution of Evans blue to determine the cell death (Baker and Mock 1994) . Ten stained root tips each were transferred to 1 mL of N, N-dimethylformamide for 1 h at room temperature and the absorbance of Evans blue was measured at 600 nm spectrophotometrically.
Trypan blue exclusion assay
Methanolic extract obtained was dissolved in distilled water for the preparation of a concentration range of 0.2-1.8 mg/mL samples and was analyzed for cell viability against Daltons Lymphoma Ascites (DLA) and Ehrlich Ascites Carcinoma (EAC) cell lines. 0.1 mL of the viable suspension of DLA and EAC cell lines were dispensed in separate tubes containing varying concentrations of the extract and incubated at 37°C for 3 h and the viability of cells were determined by trypan blue exclusion method (Babu et al., 1995) . 0.1 mL of trypan blue dye was added to the incubated mixture and, the viable and non-viable cells were counted on a haemocytometer. The percentage of cytotoxicity of extract was also calculated.
Results and discussion
Anticancer activity of the extract of I. coetsa was revealed through the cytotoxic assays as well as cell viability assays. Cytotoxic studies using A. cepa assay revealed the clastogenic activity of the extract (Table 1) . A. cepa assay has been widely used for detection of cytostatic, cytotoxic and mutagenic properties of different compounds, including anticancer drugs of plant origin (Kuraś et al., 2006) . Mitotic index calculated showed not much variation while the abnormality percentage depicted an increase with increase in concentration. The major clastogenic aberrations observed include fragmentation, stickiness, bridge formation, pulverization, karyorrhexis and ghost cell formation. Apoptotic cell death is the consequence of most clastogenic abnormalities since it directly affects the chromosomes. It was observed that nuclear and cytoplasmic damage due to the activity of the extract resulted in dead cells producing ghost cells (Çelik and Aslantürk 2010) while the characteristic change in the nuclear morphology leads to apoptosis resulting in karyorrhexis (Golstein and Kroemer 2006) . Abnormalities produced ending in cell death is an indicator of the capacity of the extract to produce destruction when specifically targeted against unwanted proliferating cells. Evans blue staining was employed to determine the apoptotic cell death phenomenon in A. cepa root meristems. Evans blue can penetrate the plasma membrane of a dead cell and hence is considered as a marker of plasma membrane degradation and cell death (Peterson et al., 2008) . The root meristems when treated with I. coetsa produced plasma membrane disintegration resulting in cell death. The assay revealed that the cytotoxic activity of the extract increases with increase in concentration as observed through the cell death phenomenon (Table 2) . Cell viability assays using Trypan blue exclusion method determines the cytotoxic activity of the plant extract against DLA and EAC cell lines. It is a permeability assay where the cell membrane integrity depicts the cell viability (Jurisic and Bumbasirevic 2008) . Trypan blue dye stains the damaged cells while the viable healthy cells remain unstained. The results revealed the cytotoxic activity to be increasing with increase in concentration ( Table 3 ). The IC50 values calculated showed an inhibitory effect at a concentration of 1.21 ± 0.02 mg/mL against DLA cell line and 1.36 ± 0.01 mg/mL against EAC cell line which revealed the efficiency of the extract to produce cell death. 
Conclusion
The anticancer potential of I. coetsa was well established through the cytotoxic and cell viability assays. Anticancer drugs are generally cytotoxic which is necessary to control and destroy the proliferating cancer cells. Hence, the activities shown by the extract of I. coetsa in various assays is a clear indication of the anticancer activity of the species which substantiates its use in traditional folk medicines. It also ensures a strong candidature of the species in anticancer research for the development of a potent, effective anticancer drug.
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